A great problem facing research workers and clinicians is the very large volume of medical and scientific literature published today. As a result, there is great interest in new and improved methods of information retrieval. This paper is concerned with one of these methods, the use of feature cards, and describes how it can be applied to the indexing of literature related to anesthesia.
For some years, the members of the Department of Anasthetics of the Welsh National School of Medicine in Cardiffhave been making abstracts of papers of anesthetic interest. These abstracts were filed under a very simple system of subject headings, with no cross-referencing, so that, as soon as the collection exceeded a few hundred items, searching became very tedious. Accordingly, it was decided to establish a feature-card index of these abstracts.
Planning the system took a great deal longer than anticipated and it seems very probable that, in the time spent on planning the feature-card index, a good index of a more conventional kind could have been devised. Cleverdon (1962) has shown experimentally that a Uniterm index, which is logically equivalent to a feature-card index, is not much more efficient than some wellmade conventional systems. On the other hand, some protagonists of feature cards have criticized this conclusion and assert that, in fact, feature cards are more efficient. But, even if feature cards are no more efficient at retrieval, it still appears that, at least in the present circumstances, an adequate conventional record-card index would be much less convenient to operate. On the basis of Cleverdon's report, and of conversations with W Ashworth and J R Sharp of British Nylon Spinners Ltd, it appears that there are two possible 14 Meeting December 8 1964 Paper extremes in a record-card index. At one extreme, there is a single card for each item in the collection, as with the original system of filing departmental abstracts; in this case the addition of new material is easy but searching is laborious. At the other extreme, there are several copies of the card for each item, inserted at several points in the subject index; in this case searching becomes much easier but entry of new material becomes laborious. On the other hand the use of feature cards seems to make both searching and the addition of new material relatively easy. However, these are only impressions and a clear preference for feature cards could be demonstrated only by a careful experimental comparison.
According to Mills (1964) The Principles of Feature-card Indexing In most record-card indexes the basic procedure is to raise a card for each item (paper, book or other document) in the collection to be indexed, and to indicate on each card the features which the particular item possessesthat is to say, the subject matter of the item. The features may be simply written on the cards, or they may be indicated by a number code, or by slotted holes around the edges to permit mechanical retrieval. In a feature-card index the opposite approach is used: a card is raised for each 'feature' and on each of these feature cards are indicated all the items which possess the featureby means of serial numbers which have previously been allotted to all the items in the collection. The relevant serial numbers may simply be written on each feature card as in Mortimer Taube's Uniterm system (Taube et al. 1953 ) but a much more useful form is that in which each feature card carries a complete list of all the serial numbers in the collection, arranged in a matrix. Then the items possessing a particular feature have holes punched at the corresponding numbers on the relevant feature card. The process can be illustrated by considering how a collection of literature, initially amounting to five papers, could be indexed on feature cards with a capacity for twelve items; this would allow for later expansion of the collection to twelve items. The five imaginary papers are listed in Table 1 together with their serial numbers and the features allotted to each.
In the first two items the choice of features is obvious and consists merely of words taken directly from the titles. In the third item the feature 'analgesia' is used to include the concept of 'analgesic properties', while in Item 4 it is taken to include the concept of 'antanalgesia' although, in a larger collection, 'antanalgesia' Thiopentone.
Barbiturate. Contraindication
would probably be made a separate feature. Item 4 is given the feature 'barbiturate' as well as 'thiopentone' because thiopentone is one of the barbiturates and therefore this paper would be of interest to anyone searching for information on barbiturates in general. Anesthetic management of a disease is equivalent to aniesthesia for that disease so that the title of Item 5 is adequately covered by the features 'anaesthesia' and 'dystrophia myotonica'. In addition, it is supposed that the outstanding contribution of this paper is to expose the hazard of the administration of thiopentone in this disease and that the author recommends that thiopentone is contraindicated. Therefore the features 'thiopentone' (and also 'barbiturate') and 'contraindication' are allotted to this item. Having allotted the features to the items a set of feature cards is labelled and punched. For instance Item 1 possesses the features 'barbiturate' and 'premedication'. To put this information into the index one feature card is labelled 'barbiturate' and another 'premedication' and then a hole is punched through both these cards at position number one. The process is continued for the other items and the result is a set of feature cards as shown in Fig 1. This completes the construction of the featurecard index. The retrieval of information from the index can be illustrated by supposing that information is required on premedication. Reference to the 'premedication' feature card (Fig 1) shows that holes have been punched at positions one and three and therefore that Items 1 and 3 are relevant. The list of items in serial number order (Table 1) then gives the titles of the papers and, in a real situation, would also give the references to the original papers and possibly abstracts as well.
If, instead, information were required on barbiturates the 'barbiturate' feature card (Fig 1) would show that Items 1, 4 and 5 were relevant, but reference to the list in Table 1 shows that Items 4 and 5, which are about one barbiturate in particular, would not have been retrieved if the more generic feature 'barbiturate' had not been allocated as well as the specific one 'thiopentone'.
If information were required on the more restricted subject of premedication with barbiturates the 'premedication' and 'barbiturate' cards would be overlapped when it would be found (Fig 2) that at position number one a hole penetrated both cards, thereby indicating that Item 1 possessed both the required features.
Similarly, if an anmesthetist wished to know what contraindications there were to the use of thiopentone he would take the 'contraindication' feature card and the 'thiopentone' feature card and overlap them whence he would see a common hole at position number five. Reference to article number five would reveal that thiopentone was contraindicated in dystrophia myotonica. This same piece of information could be retrieved in quite a different way: suppose another anmsthetist were presented with a patient suffering from dystrophia myotonica; he might ask 'Are any drugs contraindicated in this condition?' His question would be answered by overlapping the 'contraindication' and 'dystrophia myotonica' cards and this would direct his attention also to Item 5 which would tell him that thiopentone was contraindicated in this disease.
Finally, suppose the question were asked, 'What information is there on contraindications to premedication?' Overlapping the two relevant cards would reveal no common holes, indicating that the index had no information on contraindications to thiopentone.
This example has shown how a collection ofjust a few imaginery items can be indexed by using a few feature cards. The remainder of this paper is concerned with the construction of a system to index a much larger number of items on a few hundred feature cards each with a capacity for 2,500 items.
Construction and Usage of a Feature-card Index There are three stages in constructing a featurecard index suitable for indexing technical and medical literature: compiling the vocabulary of feature words to be used, allocating features to the articles to be indexed, and entering these articles into the index by punching holes, corresponding to the serial numbers of the articles, in the relevant feature cards. Both the first and second of these processes are intellectual activities but the third is purely mechanical.
In a similar way there are three stages in using a feature-card index to retrieve information: deciding which feature words of the vocabulary will most readily express the m-eaning of the particular question put to the index, selecting the relevant feature cards and overlapping them in order to look for optical coincidence of the holes, Here the first process is intellectual but both the second and third are mechanical. Compilation of the vocabulary: There are several methods of compiling a vocabulary. One approach, used by Snel (1964) , is to base the choice of feature words on the language of those who are to use the index. Potential users are interviewed and their technical interests discussed; all the significant words used are recorded and then carefully analysed for selection as features. Another way, described to us by J R Sharp, is simply to allocate likely feature words, as required, in a trial of the first few hundred articles to be indexed, and then meticulously to review the list of features produced. A further refinement is to analyse the list of features into facets as recommended by Campbell (1963) .
Our technique, which we started to apply before learning of those just mentioned, was fairly close to that recommended by Campbell. The journal Anwsthesia publishes, quarterly, a list of references likely to be of interest to anesthetists. This list, of about 500 references annually, is drawn from about 30 4ifferent journals. For one year, every word that occurred in the titles of the articles was noted. These words were then arranged in alphabetical order, yielding about 1,000 different words which were put into broad general groups such as physical terms, drugs, diseases and so on. Insignificant words like 'the' and 'those' were eliminated; synonyms were combined, such as 'tension' and 'pressure'; and antonyms were inserted, for example 'temporary' against 'permanent'. This rather crude method formed the original list of features which were organized into a number of ill-defined schedules including a large and unwieldy miscellaneous section.
With this list, an attempt was made to allocate features in a trial of 50 articles which had been abstracted by members of the Department. It proved impossible to achieve a satisfactory allo-PREMEDICATION * 2 G 4 5 6 7 8 9 10 11 12 cation of features in nearly half of these articles. There were a number of reasons for this. The large number of drugs and diseases demanded too many feature words. It was difficult to make a suitable choice of generic features enabling general questions to be answered as well as specific -as in the use of 'barbiturate' as well as 'thiopentone' in the foregoing example. Also the lack of precision in some medical terminology led to considerable difficultiesespecially in respiratory physiology, which naturally forms a large part of the anesthetist's interests.
Following this unsatisfactory trial the feature words and the crude schedules were reorganized, paying particular attention, not so much to the words as they occurred in the titles of the articles, but more to the concepts expressed by these words. In compiling this new vocabulary two basic questions were always borne in mind at each step: 'What concepts may need to be indexed?'
and 'What questions are likely to be asked of the index?' The words to be used as features had to describe the concepts accurately and without ambiguity, and precise definitions had to be given where terminology seemed lax. By making detailed classified schedules of feature words it was often possible, by means of the layout of the schedules, to indicate the meanings attributed to features and also the relationship between specific and generic terms; but it was also necessary, in some instances, to resort to quite detailed definitions.
Together with this classified list of feature words there is a supplementary alphabetical list. Both classified schedules and the alphabetical list have advantages in assisting with retrieval of information. But a classified list is ofmore value to the indexer when he is considering whether or not to introduce a new feature, to both indexer and searcher for showing the relationship between the specific and the generic, and, though perhaps more difficult to use initlally, it allows someone searching for a concept, not expressed in his own terminology, a greater chance of finding the alternative nomenclature more rapidly.
We are now confident that the new vocabulary of classified features is substantially adequate and will require only minor modifications and additions as new items are indexed. Since using this vocabulary for an extended trial no article has presented a major problem.
The advantages of compiling a classified vocabulary, as the initial stage in constructing a feature card index, can be summarized as follows: It avoids using synonyms separately and draws attention to antonyms. It demands definition of loose terminology. It shows specific and generic relationships. It helps to keep the number of features within reasonable limits.
The time taken to compile the vocabulary is difficult to estimate accurately but occupied both authors for well over a hundred hours. In the vocabulary there are 387 feature words each of which has one feature card. In addition there are a further 65 cards which, by means of the special techniques described below, are capable of defining more than 5,000 further terms.
Allocation of features to articles: This process involves much careful thought. When considering a given abstract certain features come immediately to mind but others are less obvious. So far we have not allocated all relevant generic features routinely. Instead we have considered whether or not a searcher, looking for information on a generic subject, would find the specific data in the paper in question of interest. The object of this exercise has been to reduce the number of holes to be punched and hence save time. However, in practice, the time taken in reaching a decision has usually been greater than the time it would have taken to punch the extra hole. Therefore, in future, we propose allocating all relevant generic features routinely.
The classified schedules are a great help in showing what generic features should be allocated. The same facility could be built in to an alphabetical list of features, but at the cost of listing all relevant generic features after each specific one. To take an extreme example, 'thiopentone' might be followed by 'barbiturate', 'noninhalational', 'anasthetic', 'drug'. Another aid is a list of certain features such as 'treatment' and 'complication' which often may need to be punched, even though they do not occur in the title or abstract of a paper.
It is intended, shortly, by careful setting out and photographic reduction, to present the complete schedules in a sufficiently compact form for them to be quickly scanned when each paper is indexed.
The average time taken to allocate features was 5j minutes per article for the first hundred articles and 4j minutes per article for the second hundred. The -average number of features allocated, and therefore of holes punched, was seven per article. For the first hundred articles 204 feature cards were used, and a further 48 were brought into use for the second hundred. Six of these 48 had to be added to the original vocabulary. Insertion of information into the index: Our technique is, for each article, to withdraw all the relevant feature cards from the bin in which they are stored in alphabetical order. The cards are then aligned on a punching board, and a hole is drilled through all of them at the number corresponding to the serial number of the article. The feature cards are then returned to their appropriate positions in the storage bin. A minor exception to this rule is that a few feature cards, those that are punched very frequently, are kept loose during a punching session to reduce the time spent in finding them and returning them to the bin. With this technique it takes an average of three minutes per item to select the relevant cards, punch them, and return them to the bin. Other users of feature cards adopt different techniques for selecting and punching their cards, but we have no data on comparative times. In any event, the preferred method will depend on the precise details of the individual index and equipment used. One clear advantage of our technique over some others is that, at a given position, the holes in different feature cards necessarily coincide.
Retrieval of information from the index: As our system has been in use for such a short time, we do not have sufficient experience of retrieval to draw any useful conclusions other than that the trouble of false coincidences, mentioned below, has been very slight.
Special Techniques
If one feature were to be allocated to every single drug, disease and part of the human body ever mentioned in anesthetic literature the collection of feature cards would soon become unwieldy. An estimate based on the first 200 articles indicates that by the time the collection reaches 2,500 articles (in about five years), 600 features would be needed for drugs and 200 for diseases. In order to get over this numerical problem two special techniques have been usedtrigraphs and transferable numbers. Trigraphs: The 26 letters of the alphabet are arranged in groups of three into the maximum number of different combinations which amounts to 2,600. Each time a drug is added to the index it is entered in an alphabetical list of drugs and allocated one of the 2,600 different combinations of three letters. A set of 26 feature cards is labelled, each with a different letter of the alphabet. Then, if article number 218 refers, say, to laudexium, this drug might be given the 'trigraph' ABG. To enter this into the index, feature card 'A', feature card 'B' and feature card 'G' would be taken from the bin, overlapped, and a hole drilled through all three at position 218. To retrieve information about this drug reference to the alphabetical register of drugs would showthe trigraph code for laudexium to be ABG. On selecting these three feature cards and overlapping them attention would be drawn to article 218 by the common hole in this position. Any other common holes would, of course, also refer to articles concerned with this drug. The obvious advantage of a trigraph is that it allows information about individual drugs, up to a total of 2,600, to be indexed and retrieved by the use of only 26 feature cards. But, clearly, it would be a clumsy method of indexing or retrieving papers which discussed large groups of drugs. Accordingly a number of straightforward feature cards are used for recognized groups of drugs, such as barbiturates, as already mentioned, and muscle relaxants, of which laudexium is one. The main disadvantage of a trigraph is that three cards have to be punched or inspected to define one drug. Accordingly, a limited number of drugs which are especially frequently referred to, such as nitrous oxide and thiopentone, are given straightforward feature cards in their own right.
A trigraph is also employed for diseases. In this case small letters of the alphabet are used, instead of capitals, to make a distinction. Transferable numbers: With parts of the body some will be constantly indexed but others very infrequentlyperhaps once only in three or five years -and this would obviously make the allocation of a feature to every part of the body numerically uneconomic. One method of overcoming this difficulty, which we have called 'transferable numbers', is to divide the body into a series of systems, such as whole body, respiratory system, cardiovascular system, and so on, and to make each a feature. Under each 'system' the individual parts of the system (up to thirteen so far) are listed and numberedbut these are not given individual feature cards. Instead, a single series of feature cards is raised, just bearing the numbers 1 to 13. Then the thorax, for instance, which in our arrangement is the third part of the 'Whole Body', is defined by the 'Whole Body' feature card and transferable number feature card, number 3. Therefore, if article number 327 had something important to say about the thorax, a hole would be punched at position 327 in the 'Whole Body' feature card and in transferable number card 3. The third 'part' of the respiratory system in our arrangement is the trachea so that, to enter into the index a paper dealing with the trachea, transferable number card 3 would again be used but, this time, combined with the 'Respiratory System' card. The second 'part' of the respiratory system is the larynx, so that if the 'Respiratory System' feature card and transferable number card, number 2, are overlapped any coincident holes will refer to papers dealing with the larynx.
As was true in the case of drugs, some body parts are referred to very frequently and these are given individual feature cards.
A number of other techniques are available for economizing on feature cards although we have not used them. Digraphs give 325 different combinations of two letters drawn from the 26 in the alphabet; tetragraphs give 14,950 combinations 207 5 208 Proceedings ofthe Royal Society ofMedicine 6 of four letters; and various other techniques (Dammers 1964 , Williamson 1964 ) permit large numbers of features to be indexed on a limited number of feature cards, but all at the cost of using two or more cards to define each feature. A complete list of digraph and trigraph combinations is available commercially. Coloured transparent feature cards: Another special device that is of value when two concepts are mutually exclusive is the coloured transparent feature card. For instance, it is useful to distinguish between papers about humans and papers about animals. But the vast majority of papers of aneesthetic interest are either about humans or else about animals. Therefore, if a feature card were raised for each, one or the other card would have to be punched for almost every article. However, by raising a single, coloured, transparent card for animals, this will need to be punched only occasionally (because only a small proportion of anmsthetic papers are about animals) and yet it can be used to indicate both animal and non-animal papers. Thus, if the various ordinary feature cards required to define a question are overlapped, and the coloured, transparent, 'animal', feature card laid on top, holes which are fully coincident, and therefore clear, will refer to papers about animals; while holes which are coloured, but coincident in all other cards, will refer to papers that are not about animals and are therefore, in almost every case, about humans.
We also use coloured transparent cards for 'brief' and for 'foreign language' articles (and hence can also select those that are not brief or are in English). By using secondary or unsaturated colours it is possible to use two or three colour transparencies at once, to select, for instance, non-brief articles on humans in English. False Optical Coincidence One theoretical disadvantage of this method of indexing is the occurrence of what has been termed false optical coincidence, false coordination, false drop, cross-overs or 'noise'. Take as an example an article entitled 'cerebral injury following cardiac operations'. This might be allocated the features 'brain', 'injury', 'heart', 'surgery'. But the same four features would be used by a searcher wanting information on cardiac injuries following cerebral operations. Therefore the article just mentioned would be retrieveda cross-over of features would have occurred leading to a false coincidence of holes. Sandford & Theriault (1956) , Francisco (1956) , Waddington (1958) and Boyd (1962) , amongst many other experts in this method of indexing, all agree that in practice cross-over of features is relatively rare, and that when it occurs the irrelevant articles are obvious and can be eliminated at a glance.
Cost ofEquipment
The cost of the equipment needed to establish a feature-card index can vary from as little as £12 to over £6,000 if electronic sorters and scanners are used. We started at the lower limit with a few hundred feature cards, a simple hand punch and a home-made storage bin, but a more elaborate storage bin, costing around £30, and permitting quicker location of cards, would lead to an appreciable reduction in total punching time. There are many different types of feature cards, which have capacities ranging from 200-10,000, and are of varying texture, design of grid, colour, shape and size. Undoubtedly the most important factor in selecting a particular type of card is the intended size of the collection to be indexed, though the clarity of the grid of numbers, and textural strength of the card, must also be considered.
Conclusions
Though considerable time has to be spent on the initial setting up of a feature-card index, once it has been established it offers an attractive method of retrieving information in a rapid and comprehensive manner. The work involved in entering articles into the system is not excessive and it would seem that the method is particularly applicable to the indexing in depth of a limited subject field.
